Experimental Studies on Micro-resonator with Whispering–gallery Modes Coupled by Tapered Fiber by 马乐
学校编码：10384                                     分类号  密级    










硕  士  学  位  论  文 




Experimental Studies on Micro-resonator with 
Whispering–gallery Modes Coupled by Tapered Fiber 
 
马  乐 
 
指导教师姓名：蔡志平 教授/博导 





答辩委员会主席：   
评阅人：   
 


























A Dissertation Submitted for Master Degree of 
Philosophy at Xiamen University 
 
Experimental Studies on Micro-resonator with 











































                     声明人（签名）： 



































  1、保密（  ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 



















































































In recent years, optical microcavities such as microcylinder, microdisk, 
microring, microsphere have been greatly developed in microcavity laser and 
spectrum technology. In this thesis, the microsphere/microcylinder and the tapered 
fiber coupling system, are regarded as the object of study. The discrete structural 
resonance in the silica microsphere/microcylinder and glass microsphere doped by 
Er3+ is experimentally observed. Then we studied more about the characteristics of 
the resonance. 
This thesis consists of the following five parts of work.  
Firstly, we had a brief review on the history of microsphere/microcylinder 
resonance in theoretical and experimental studies. Then we introduced simply the 
applications of the microcavity. 
Secondly, according to the Mie’s scattering theory, the optical field in a 
microsphere has been obtained. The characteristics of the microspherical resonance 
and the biconical tapered fiber have been analyzed separately. The theory of 
microsphere has been approximately applied to the study of microcylinder. Then the 
field solution of biconical tapered fiber has been obtained. 
Next, the coupling system between microsphere and tapered fiber has been 
analyzed theoretically. The transmission ratio of the coupling system and its 
dependence on the gap between microsphere and biconical tapered fiber have been 
discussed. The coupling system consists of critical coupling, excess coupling and 
deficient coupling. 
And next, the CO2 laser system of drawing the biconical tapered fiber has been 
designed, and the biconical tapered fiber that we need has been made. Then we 
improved the system to fabricate silica microsphere/microcylinder. Using the 
Er3+-doped phosphate bulk glass, the Er3+-doped phosphate glass microsphere is 
fabricated by this CO2 laser system. 
At last, the coupling system has been set up. The laser light is coupled into the 
silica microsphere by a biconical tapered fiber. The discrete structural resonance in the 
absorption spectra was observed, and then the splitting effects of the modes were 
analyzed. Then the coupling experiment of Er3＋-doped phosphate glass microsphere 
with biconical tapered fiber has been studied in detail. The measured wavelengths, the 













theoretical computation, and they are fair coincident with each other. Lastly, the 
coupling of microcylinder and biconical tapered fiber has been studied briefly. 
The research of this dissertation is supported by National Natural Science 
Foundation of China, number 60277026. 
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定比例的 Ti、Ba 等元素的氧化物，为了获得较强的增益可以掺杂 Yb、Er、Nd
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